Understanding the distribution of coloured dissolved organic matter (CDOM) in 2 the oceans and its role in the global carbon cycle requires a better knowledge of the 3 coloured materials produced and consumed by marine phytoplankton and bacteria. In 4 this work we examined the net uptake/release of CDOM by a natural bacterial 5 community growing on DOM derived from four phytoplankton species cultured in 6 axenic conditions. Fluorescent humic-like substances exuded by phytoplankton (Ex/Em: 7 310 nm/392 nm; P. Coble's peak-M) were utilised by bacteria in different proportions 8 depending on the phytoplankton species of origin. Furthermore, bacteria produced 9 humic-like substances that fluoresce at Ex/Em: 340 nm/440 nm (Coble's peak-C). 10
Coloured dissolved organic matter (CDOM) is receiving increasing attention due 2 to its important role in aquatic ecosystems. It regulates UV and visible light penetration 3 in the water column thus influencing primary productivity (2) and preventing cellular 4 DNA damage (16, 17) . CDOM can also form complexes with metals reducing the 5 concentrations of free ions in seawater (28) . In addition, changes in the optical 6 properties of CDOM are suitable to trace microbial and photochemical degradation 7 processes (34, 44) and, more specifically, the in situ formation of bio-refractory humic 8 materials from bio-available DOM (26). CDOM has also been the focus of remote 9 sensing studies given that the absorption spectrum of CDOM overlaps with that of 10 chlorophyll a, affecting the satellite-derived estimates of phytoplankton biomass and 11 activity in the oceans, especially in coastal areas (51). 12 The fraction of CDOM that emits induced fluorescent light is called fluorescent 13 dissolved organic matter (FDOM). Two main groups of fluorophores have been 14 differentiated (7): protein-like substances, which fluoresce around Ex/Em: 280 nm/350 15 nm (peak-T); and humic-like substances which fluoresce at two pairs of wavelengths, 16 Ex/Em: 312 nm/380-420 nm (peak-M), and Ex/Em 340 nm/440 nm (peak-C). Both 17 peaks, -M and -C, have been found in samples from freshwater and seawater 18 environments. However, a shift to longer wavelengths of the humic-like peaks in 19 freshwater samples has been reported (6) because terrestrial humic substances are more 20 aromatic than marine humic substances (3). Additionally, and independently of their 21 origin, humic substances also fluoresce in the UV-C region of the spectrum, at Ex/Em: 22 250 nm/450 nm (6, 7) . 23 Humic materials have been traditionally considered photodegradable but 24 resistant to bacterial degradation. In fact, when humic-like FDOM is not exposed to 25 Dissolved organic carbon (DOC) and fluorescent dissolved organic matter 1 (FDOM). Triplicate DOC and FDOM samples were filtered through GF/F filters with 2 an acid-cleaned syringe. Milli-Q water was filtered through the filtration system and no 3 significant enrichment was observed in DOC and FDOM concentrations, discarding 4 contamination during filtration. 5 Approximately 10 mL of water were collected in pre-combusted (450ºC, 12 h) 6 glass ampoules for DOC analysis. H 3 PO 4 was added to acidify the sample to pH < 2 and 7 the ampoules were heat-sealed and stored in the dark at 4ºC until analysis. DOC was 8 measured with a Shimadzu TOC-V organic carbon analyser. The system was 9 standardized daily with potassium hydrogen phthalate. Each ampoule was injected 3-5 10 times and the average area of the 3 replicates that yielded a standard deviation < 1% 11 were chosen to calculate the average DOC concentration of each sample after 12 subtraction of the average area of the freshly-produced UV-irradiated milli-Q water 13 Coble's UV protein-like peak-T (7), which peaks at around Ex/Em: 275 nm/ 361 1 nm, was also present in the cultures grown on the four phytoplankton species (Figs. 3a, 2 4a, 5a and 6a). After 4 days of incubation, the intensity of peak-T increased in the 3 cultures grown on S. costatum, M. pusilla and P. minimum exudates (Fig. 4c, 5c and 6c) 4 but decreased slightly in the culture grown on Chaetoceros sp. exudates (Fig. 3c) . In 5 addition, all the EEMs showed the production of the Coble's UV humic-like peak-A (7) 6 at around 261 nm/463 nm (Fig. 3b, 4b , 5b and 6b). , corresponded to the bacteria grown on S. costatum 3 exudates. 4
In general, peak-T increased significantly in all cultures during the exponential 5 growth phase (4 days) and, then, decreased dramatically up to the end of the experiment 6 (Fig. 2d) . The bacterial culture on M. pusilla exudates underwent the largest increase 7 (77%). However, Chaetoceros sp. did not show a significant variation of peak-T until 8 the end of the incubation time (day 34) when it sharply decreased by 41%. The net 9 production of peak-T per carbon biomass and day ranged between 6 ± 7 x 10 The different behaviour of peak-M and peak-C during the exponential phase of 8 our incubations suggests a different origin and fate for both fluorophores. Peak-C was 9 produced continuously in all cultures while peak-M was consumed during the 10 exponential and produced during the senescence phase of the bacterial cultures. Since 11 the ratio peak-M/peak-C did not change significantly from day 12 onwards, it is likely 12 that the fluorescence intensity observed at the Ex/Em wavelengths of peak-M during the 13 senescence phase was mostly due to peak-C tailing. specially the aromaticity, of the FDOM produced or consumed by marine 6 phytoplankton and bacteria. Peak-T produced by bacteria in our experiments was shifted 7 to slightly longer excitation and shorter emission wavelengths than the peak-T reported 8 by Coble (7). In this sense, tryptophan residues that are exposed to water have 9 maximum fluorescence at emission wavelengths of about 340-350 nm, whereas totally 10 buried residues (e.g., being part of peptides) fluoresce at about 330 nm (25). We found 11 maximum intensities in the peak-T region at Ex/Em: 280 nm/335 nm, which is an 12 indication of the release of aromatic amino-acids by bacteria in a more buried combined 13 rather than in a free form. fluorescence maximum in that region. In contrast, the EEMs of natural samples with a 7 predominant terrestrial origin present a fluorescence maximum at peak-C, shifted to 8 significantly longer excitation and emission wavelengths than peak-M (7). Therefore, in 9 our culture experiments with marine bacteria growing on marine phytoplankton 10 exudates, production of peak-M fluorescence should be expected. However, our study 11
demonstrates that the main humic-like fluorophore produced by marine bacteria grown 12 on marine phytoplankton exudates was peak-C. 13
Furthermore, our results show that marine phytoplankton is able to produce 14 substances fluorescing at peak-M, which are consumed or transformed by marine 15 bacteria that, in turn, produce other humic-like substances that fluoresce at peak-C. Any 16 shift of a humic-like fluorescent emission maximum to longer wavelengths is an 17 unequivocal indication of increased aromaticity and poly-condensation of humic 18 materials (10). Therefore, attending to the position of both humic-like peak maxima, 19 humic materials exuded by phytoplankton were more aliphatic (blue shifted) than the 20 more aromatic humic materials produced by bacteria (red shifted). Preferential 21 consumption of peak-M by marine bacteria concurs with other studies that reported a 22 higher bioavailability with increasing aliphatic carbon moieties in a compound (30, 54). 23
Considering our results, we could hypothesise that the more aliphatic humic-like 24 substances that fluoresce at peak-M are mostly produced as a by-product of theeukaryotes metabolism. Conversely, the more aromatic substances fluorescing at peak-1 C could be associated to prokaryotes by-products. This hypothesis is also supported by 2 the evidence that copepods exude humic-like substances that fluoresce at peak-M (59) 3
and that a strong signal in the peak-C region was found in cultures of Synechoccocus 4 and Procloroccocus (data not shown). Furthermore, it has been reported that FDOM 5 intensity at peak-M is higher in the euphotic zone (6) , where phytoplankton is abundant, 6
and decreases with depth. On the contrary, the intensity of peak-C increases with depth 7 (6) and it is known that organic matter transformations in the dark ocean are dominated 8 by bacterial activity, which could generate higher fluorescence at this peak. 9
In general, the production of peaks T and C normalized to the bacterial biomass, 10 during the exponential growth phase was about one order of magnitude higher for 11 marine bacteria than for marine phytoplankton. This fact could explain the lack of 12 correlation between chlorophyll and CDOM that some authors have reported (33, 43), 13 which they attributed to the in situ production of CDOM by bacteria concluding that 14 phytoplankton was not a direct source of CDOM. Indeed, the consumption of the peak-15 M fluorophore by bacteria also contributes to reduce the expected correlation between 16 phytoplankton biomass and CDOM. 17
18

Selection of bacterial groups growing on different phytoplankton exudates. 19
Different bacterial groups were selected depending on the phytoplankton exudates on 20 which they grew. This agrees with previous studies that concluded that bacterioplankton 21 structure is determined by the amount and quality of the substrates available in the 22 ecosystem (e.g., 41, 46). It is well known that both SAR11 and Roseobacter are 23 specialised in processing low molecular weight organic substrates (1, 12, 29), but the 24 former prevail in oligotrophic and the latter in meso-and eutrophic environments (14) .
On the other hand, the group Bacteriodetes is specialised in processing high molecular 1 weight organic substrates (23, 58). 2
With these general considerations in mind, it can be straightforwardly explained 3 why SAR11, which was present in the natural bacterial community of the (oligotrophic) 4
Blanes Bay Observatory water that we used as inoculum, was not selected in any of our 5 (eutrophic) cultures. The fact that after 4 days of incubation the highest cells numbers 6 corresponded to the group Alteromonas grown on Chaetoceros sp. exudates could be 7 the result of the production, by this diatom species, of a specific substrate, in which 8
Alteromonas is specialised. Even if Schäfer et al. (49) did not find 9
Gammaproteobacteria in 6 mono-algal diatom non-axenic cultures, our work indicates 10 that this class can also be associated with diatoms. 11
Suzuki et al. (57) found that the growth of members of the Flavobacteriaceae 12 (subgroup of Bacteroidetes) was not affected when inorganic nitrogen was excluded 13 from the medium. On this basis, they suggested that these bacteria could utilize amino 14 acids as sole nitrogen source. Others studies reported that this group of bacteria notably 15 grow when abundant amounts of dissolved proteins are available (9, 40). In our 16 experiment, the negative correlation found between ∆peak-T and ∆Bacteroidetes during 17 the exponential phase (R 2 = 0.98; p < 0.01; N = 4) supports this observation. Moreover, 18 in the M. pusilla exudates, the largest amount of protein-like substances was produced 19 during the exponential bacterial growth phase (Table 2, Fig. 2d ). These protein-like 20 substances were likely in the form of proteins rather than as free amino acids according 21 to the shift of peak-T observed in the EEM (Fig. 5b) . This could also explain the 22 dominance of Bacteroidetes after day 12 in the sample grown on M. Pusilla exudates. 23
Although our results show that phytoplankton exudates influence bacterial 24 community composition in each treatment, the association of each bacterial group with 25 a particular fluorescent humic-like peak is not clear. More studies are needed to asses it 1 but from our results it could be suggested that humic-like fluorescent material is a by-2 product of bacteria metabolism in general and not due to the activity of particular 3 bacterial group(s). 4
5
CONCLUSIONS 6
Marine phytoplankton exudates contain fluorescent CDOM that is bioavailable 7 to bacterial degradation; blue-shifted fluorescent humic-like substances (P. Coble's 8 peak-M) are readily taken up by marine bacteria that, in turn, exude red-shifted humic-9 like substances (P. Coble's peak-C) during both the exponential and stationary growth 10 phases. Based on this and previous results by other authors, we hypothesize that peak-M 11 could be a by-product preferentially associated to catabolism of marine eukaryotic cells, 12 whereas peak-C could be associated to catabolism by marine prokaryotes. 13
Marine bacteria produced humic-and protein-like substances an order of 14 magnitude faster than phytoplankton when normalized to their respective biomasses. 15
This fact, together with the photo degradability of aromatic compounds, is likely the 16 reason behind the lack of correlation observed between phytoplankton biomass and 17 CDOM in both, in situ measurements and satellite-derived estimates. 18
Although bacterial growth was independent of the phytoplankton exudates in 19 which they were grown, the exudates influenced bacterial community structure by 20 preferentially selecting bacterial groups with contrasting substrate preferences. 21 
